A systematic search for metabolic abnormalities in mentally retarded individuals in Northern Ireland revealed a hitherto unrecognized specific aminoaciduria, in which the sulphur-containing aminoacid homocystine is excreted (Carson and Neill, 1962) .
The amino-aciduria has been detected in seven males and three females from seven families. Two siblings are affected in each of three unrelated families (Carson, 1963) . The pattern of inheritance appears to be that of an autosomal recessive with normal parents. The patients ranged from 1l to 32 years of age on detection. Many of the clinical features were remarkably constant. All the patients were mentally retarded, the highest I.Q. being 53 at the time of diagnosis. With one exception they were fair haired and fair complexioned. A high malar flush and ectopia lentis were regularly present. The patients walked with a rather high-stepping spastic gait and pes cavus and genu valgum were noted in all.
The clinical findings will be reported in detail elsewhere and the biochemical aspects have been investigated by Carson, Cusworth, Dent, Field, Neill, and Westall (1963) .
The pathological findings have not been described previously. In addition to ectopia lentis, three of the 10 patients originally diagnosed showed kyphoscoliosis and chest deformity with arachnodactyly.
Their appearance was that of Marfan's syndrome and in fact two of them had been designated previously as classical examples of Marfan's syndrome in published studies of that condition (case A4, Lynas, 1958; case 4, Loughridge, 1959) . In another of the older patients kyphoscoliosis and chest deformity were marked but true arachnodactyly was not present. The striking association between homocystinuria and Marfan's syndrome is explored in this study of the morbid anatomical findings.
Necropsy findings are reported in one of the 10 cases of homocystinuria which did not present all the diagnostic features of Marfan's syndrome in life (case 1). Operations on two of the cases with overt Marfan's syndrome (cases 2 and 3), a nephrectomy and liver biopsy, provided further material for this report. A needle biopsy of the liver from a fourth case is also recorded.
CASE 1
A boy, J.R., died at Muckamore Abbey Special Care Hospital on 5 January 1963 at the age of 6 years 11 months.
FAMILY HISTORY The parents are healthy; both are a little below average in stature; homocystinuria, ectopia lentis, and arachnodactyly are absent; there is no consanguinity. Four younger brothers and one younger sister of J.R. are alive and of average intelligence; there is no homocystinuria, ectopia lentis, or arachnodactyly in these children; one of the boys is under observation for steatorrhoea but they are healthy otherwise. One miscarriage occurred in the family and the youngest member 427 died at 3 days of age with multiple congenital abnormalities. S.R., an elder brother of the patients, now aged 9 years, is mentally defective; he developed swelling of the abdomen and of the legs at 22 months and venous thrombosis was diagnosed; this boy has ectopia lentis but no arachnodactyly: homocystinuria was detected at the age of 7 years. The urinary chromatogram was normal in other respects.
HISTORY J.R. was considered normal at birth and until the age of 13 months, but a radiograph of the carpus then showed only one carpal centre of ossification instead of the normal two. At this time there was an episode of vomiting; convulsions and coma occurred and a permanent right-sided hemiparesis followed. Diffuse cerebral atrophy was demonstrated by air encephalography and dural thrombophlebitis was diagnosed.
He was admitted to Muckamore Abbey Hospital in April 1961, at the age of 5 years as a person requiring special care. His mental age was about 2 years. He was able to walk unaided with difficulty and was reluctant to stand on his right leg. The fingers were short and stubby. He was stated to be sensitive to sunlight and had a malar flush. During his two years in hospital, a few epileptiform attacks occurred and he received phenobarbitone, 14 grains per day. Ectopia lentis was observed and homocystine was detected in the urine by routine paper chromatography on two occasions. In September 1962 an inflammation of the right gastrocnemius was treated successfully with penicillin but he could no longer walk without assistance. At the end of December, attacks of vomiting and a few grand mal and Jacksonian seizures occurred, followed by pyrexia, and he died on 5 January 1963.
FINDINGS AT NECROPSY ON CASE
The body is that of a remarkably fair-haired child of about the normal height for his age. The eyes are rather sunken, the neck long, and the skull assymetrical on account of a little bulging on the right posteriorly. (Fig. 1) . The lowest part of the aorta is occluded by adherent thrombus which is chiefly red and extends into the common iliac arteries.
The mouth of the coeliac axis is patent, but within a few millimetres the lumen is occluded by mixed thrombus which extends into the proximal part of the hepatic artery. The wall of the coeliac artery is thick. The splenic artery wall is very thick and the lumen minute. The mouth of the superior mesenteric artery in the aorta is a little dilated and the vessel walls are thickened there (Fig. 1) In the brain (1,250 g.) the left cerebral hemisphere is smaller than the right, particularly in the occipital lobe (Fig. 2) . Below the adherent dura, the cortex is brown-tinged and feels a little firmer than normal. The left temporal lobe and the inferior parietal lobule are atrophied posteriorly so that the cortical pattern is small. In the occipital lobe many areas of brownish, healed infarction are disposed in the lower layers of the cortex in a roughly laminar distribution. An arteries in the spleen, pancreas, colon, thyroid (Fig. 5) , and thymus, pelvis, and left kidney (Fig. 6) , with minor or few changes of the same type in arteries of the heart, liver, and right kidney. The internal elastic lamina is prominent and often thick. The main element is intimal fibrosis without deposits of iron pigment or other special features (Fig. 5 ).-The fibrosis is either symmetrically distributed so as sometimes to cause severe narrowing, as in the splenic artery, or asymmetrically distributed in the form of pads. In the intimal pads, layers of elastic fibrils have split off from the main elastic lamina and small degrees of metachromasia are present. The medial coats of these arteries do not usually stain metachromatically but in some sections of the left renal and splenic arteries the muscle fibres are separated from each other and thinned out by prominent deposits of interstitial material which stains as collagen and also stains metachromatically with moderate intensity (Fig. 6 ). The external elastic lamina is often swollen. The adventitia is little affected except in vessels such as the proximal part of the hepatic artery where thrombus is being organized; in those sites, the vasa vasorum are congested and there is a little polymorphic infiltration of the media.
Changes of long standing are seen in the proximal parts of the left renal, common iliac, and superior mesenteric arteries and coeliac axis; they are distinct from more recent changes of thrombosis. There is slight concentric intimal fibrosis which is marked in the common iliacs and associated there with some fatty atheromatous plaques. Some areas of intimal fibrosis stain well with alcian. The media is a little less cellular than normal with increased amounts of interstitial material between elastic fibres; the material is metachromatic with toluidine blue and stains with alcian. The elastica is frayed, attenuated or irregularly thickened and disorderly in arrangement in such areas, particularly in the superior mesenteric artery (Fig. 7) . A little polymorph infiltration is associated with the aneurysmal dilatation of this vessel. The adventitia is generally not increased; in the left renal artery it is congested and the vascular endothelium is swollen; this may be due to the organization of thrombus in the lumen.
The microscopical structure of the aorta is most altered in the arch above the left subclavian artery where the wall is stretched and thin. The intima of the arch is little altered. The adventitia is congested and the vasa vasorum are prominent; there is a little lymphocytic infiltration and no fibrosis. The media is deeply penetrated by vasa vasorum and slightly fibrosed and the lines of the muscular and elastic fibres are disturbed and disrupted here and there. In little cysts or pools round some of the vasa vasorum In a boy, G.M., homocystinuria was detected at the age of 13 years; it was the only abnormality found on urinary chromatography. His parents are healthy and unrelated, showing no features of Marfan's syndrome. There were eight children in the family; five are alive and healthy and two died in infancy, one fromcomplications of measles and the other from convulsions. The surviving siblings and the parents have normal urinary amino-acid patterns. A son of a sister of the patient's father was physically similar to the patient; he died at the age of 17 from an unknown cause.
The patient is mentally retarded and his physical appearance is that of Marfan's syndrome (Fig. 10) . The extremities are long and thin, the fingers spidery, the chest deformed with kyphoscoliosis, and the palate high and arched; pes cavus, genu valgum, and malar flush are present. Acute glaucoma complicating subluxation of the lens led to enucleation of the left eye in 1958. The ectopic right lens was excised later because of glaucoma.
At the age of 6 years he had an attack of haematuria with oedema of the upper eyelids; blood pressure was 115/70 mm.Hg, blood urea 168 mm.%. The left kidney, surgically removed, weighed 97 g. It was pale; the capsule was not unduly adherent; the outer surface was slightly granular; the texture was a little firmer than normal. The architectural pattern of cut sections was slightly blurred. There were no marked alterations on naked-eye examination and no infarcts. The main renal artery and some of the interlobular arteries were small in calibre; the walls were symmetrically thickened; others looked normal. Venous lesions were absent. Stones were not present.
HISTOLOGY IN CASE 2
In histological sections glomerular lesions are not seen and there is nothing to indicate previous glomerulonephritis. The juxtaglomerular apparatus is more prominent than normal. Fibrinoid change has not occurred in glomerular afferrent arterioles; a few are slightly fibrosed. The tubules are well preserved; the medullary interstitial tissue is slightly increased. The pelvis is normal.
The arteries in general have undergone a little symmetrical medial hyperplasia, but irregular asymmetrical proliferation of fibrous and other elements is commoner and more marked, particularly in the vessels of medium calibre (Fig. 11) . In the larger arteries, fibrous tissue has proliferated in the intima as a thin irregularly disposed layer and elastic fibres extend into it from the internal elastic lamina; the intima shows marked metachromasia. In the media muscle fibres are often enlarged and somewhat irregularly arranged with an increase of interstitial material which stains as collagen and is, in places, metachromatic; fine elastic fibrils of frayed appearance are scattered through the muscle singly or occasionally together in narrow wedge-shaped segments of the vessels. The Carson et al. (1963) . Methionine loading was employed, and the results were of a different kind from those found in cystathioninuria. Although the rate of disappearance of methionine from the blood was less than in normal controls, the amount of homocystine excreted was insufficient to account for the methionine metabolized. It thus appears that only a portion of the methionine is metabolized abnormally. It was concluded that in homocystinuria there is a defect in methionine metabolism although the defect was not defined precisely. An inability of the renal tubules to reabsorb methionine in the normal way was also demonstrated and this suggests a generalized transport defect in the handling of this amino-acid.
The relationship of sulphydryl-containing aminoacids to liver function has been studied extensively, and particularly the effects of dietary deficiency. In mice homocystine largely replaces methionine in the diet provided choline, folic acid and vitamin B12 are also given (Sauberlich, 1959) . When choline is omitted, liver fat is greatly increased and growth is reduced. Feeding of homocystine appears deleterious in itself, for even with the addition of methionine to the diet, growth is not entirely normal. A comparable effect is evident in our cases of homocystinuria, for a marked degree of fatty change was found in liver biopsies from cases 3 and 4 and less marked fatty change at necropsy in case 1 (Fig. 3) where the findings may have been modified by the vascular changes.
Because sulphydryl-containing amino-acids are intricately involved in many vital processes, disorders of their metabolism might be expected to produce effects correspondingly widespread. The present study, however, suggests that cerebral function and the processes of thrombosis and of fibrogenesis are particularly vulnerable.
CEREBRAL FUNCTION
Mental defect appears to be an inevitable element of homocystinuria, for the condition has been detected only in mentally retarded individuals. Further surveys are needed to confirm the association, but it is not unexpected in view of the general occurrence of mental defect in inborn errors of amino-acid metabolism. Because 
THROMBOSIS
Indications of previous venous thrombosis were found in the superior sagittal sinus in case 1 and are noteworthy in the histories of other cases. In a brother of case 1, who is excreting homocystine, thrombosis of the inferior vena cava has been diagnosed. Case 3 was admitted to hospital with recurrent thromboses of the lower limbs. In the material studied a venous lesion has not been encountered that might predispose to thrombosis. Arterial thrombus was found in case 1, not only in a renal artery as the cause of death, but also partly organized in the aorta. Thrombi were found in other arteries of abnormal structure (Fig. 6 ). Other vascular lesions may possibly have resulted from mural thrombosis, but this is uncertain, for iron pigment was not found in the intimal pads and ridges in the aorta (Figs. 1, 5, 8 , and 11) and muscular arteries in case 1, or in the renal artery branches in case 2 (Figs. 11 and 12 ). These intimal thickenings may perhaps be related to underlying defects of the medial coat but the frequency of both venous and arterial thrombosis suggests the operation of a haemic factor, though none of the investigations in the present cases showed what this might be. Since defective platelet function might cause both mural and occlusive thrombi, it is of interest that Koppel (1960) found that incubation with sulphydryl inhibitors caused an increased breakdown of platelets. He suggested a direct relationship between platelet sulphydryl groups and platelet structure. The experiments of Fantl, Ebbels, and Nelson (1951) lead to similar conclusions. Unpublished preliminary results of platelet investigations on the affected sister of case 4 indicate that platelet stickiness is abnormal in homocystinuria (Macdonald, personal communication).
ASSOCIATION WITH MARFAN'S SYNDROME Cases 2 and 3 were overt examples of Marfan's syndrome ( Fig. 10 ) with no family history such as is encountered in Marfan's disease. Several elements of the syndrome are recognizable in all the cases, however, pes cavus, kyphoscoliosis, and ectopia lentis in particular. Ectopia lentis is not confined to Marfan's syndrome but in 70% of cases it is a component of that condition (McKusick, 1960) . McKusick comments that 'the skeletal manifestations of the Marfan syndrome may be so unconvincing in many cases that the presence of ectopia lentis in a patient with cardiovascular signs consistent with Marfan's syndrome should lead one to suspect the diagnosis even though the skeletal changesper se cannot be considered pathognomonic'. These remarks have a bearing on case 1 in which arachnodactyly was not present. Abnormal bosses in the skull were discovered only at necropsy which also displayed extensive vascular changes and some of them were of the type found in Marfan's syndrome.
The aortic valve ring was dilated and its diameter was greater than that of the pulmonary valve. The aorta was dilated down to the renal arteries and metachromatically-staining medial degeneration was found; the arch was the portion most affected. It is thus permissible to classify case 1 as of Marfan's syndrome. Coarctation of the aorta has been described in Marfan's syndrome and may be due there to the same connective tissue anomaly as dissecting aneurysm (McKusick, 1960) . In case 1, the bands round the aorta at the level of the left subclavian artery were built up of fibrous tissue in the intima and did not take the form of an indrawing of the media as seen in true coarctation. Metachromatic medial degeneration extended into the medial coats of some large muscular arteries, including the left renal (Fig. 6 ) and splenic arteries, and small aneurysms had formed in the superior mesenteric artery and left renal arteries. Similar arterial involvement has been recorded in other cases of Marfan's syndrome (Austin and Schaefer, 1957; Roark, 1959; McKusick, 1960 ). Marfan's syndrome is an uncommon condition. Lynas (1958) reported only 20 cases living in a population of 1,370,921 in Northern Ireland and its occurrence in three out of our four cases must be taken into account in any discussion of homocystinuria.
Medial degeneration with muscular and elastic vascular defects are characteristic of Marfan's syndrome, but the intimal pads and ridges described in cases 1 and 2 (Figs. 1, 5, 8 , and 11) are not. We have not found similar lesions in a study of two unrelated cases of Marfan's syndrome used as control material, but Roark (1959) has described them as a unique finding in this condition. The possible relationship of these pads to mural thrombosis has been mentioned above. Since they are asymmetrical they may be distinguished from any changes secondary to the persistent hypertension in case 2 (Fig. 11 ). Hypertension is rare in Marfan's syndrome (McKusick, 1960) . It was recorded only in this one of our cases and it was at first thought to be the result of a previous attack of nephritis (Loughridge, 1959) but no evidence of nephritis was found when the ectopic left kidney was removed surgically. Hypertension in this boy is probably the result of the renal arterial lesions and it is noteworthy that the juxtaglomerular apparatus was unusually prominent in the resected kidney. The patient's blood pressure reverted to normal after the operation and it has not been possible to study him further. (Stewart, 1939; Wahl and Schachter, 1940; Gibson 1956 ).
Weve (1931) (Meyer, Hoffman, and Linker, 1958) and that serum mucoprotein levels are low (Bacchus, 1958) . Urinary estimations of hydroxyproline have yielded conflicting results (Sjoerdsma, Davidson, Udenfriend, and Mitoma, 1958; Lehmann 1960) .
Another approach is suggested by the reports of scoliosis and dissecting aneurysms in young rats fed lathyrus odoratus (Ponseti and Baird, 1952; McKay, Lalich, Schilling, and Strong, 1954) and by the similar effects of some derivatives on the chick embryo (Gross, Levene, and Orloff, 1960; Levene, 1958 Levene, , 1961 . The experiments of Levene and Gross (1959) indicated an alteration in the molecular aggregation of collagen when ,-aminopropionitrile was administered to chick embryos. It is in keeping with modern thought to suppose that an inborn error of metabolism might alter fibrogenesis through enzymatic or other effects in a similar way. Possibly accumulations of homocystine alone do not determine these effects; at least Levene (1961) found homocystine and other SH-containing compounds without lathyrogenic activity in the chick embryo system. Some less direct effect of the disordered methionine metabolism of our patients is perhaps responsible. At all events the association in a number of ways of the specific aminoaciduria with Marfan's syndrome suggests that homocystinuria may be related to abnormalities of connective tissue. Experimental lathyrism offers a method by which this association may be explored, not only in relation to Marfan's syndrome but also in relation to general problems of fibrogenesis.
